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MOTATIONS

Indices of Position (see Plate 1)

¢ Infinitely upstream
i Plane 2f the throat :
2 Plane of blowing (passing through the end of the upstream lip of
the diffuser)
3 Plane of exit (passing througk the end of the downstiresnr lxp of
the difrfuser)
Infinitely dounstrean
Plane of propeller rotation
Internal wall of the shroud
Geometric Magnitudes
6 (subscrigt) Angle of the tangept %o the y~>tile in the plane con-
sidered with ths axis of the model
T {subseript) Exterior diameter of inflow in the plane considered
P or by Threat diameter--reference length
S {subscript) Section corresponding tO *he diameter D (subscript):
S (subscript) = (suzscrlgg)
s Throat section {in the absence of & huh)o-reference
- surface .
e Thickness of tha blowing slot of the shroud
8 Curvilinear absecissa relative to the internal wall
. of the shroud measured from the entvancs plane of
i the collector
e Angle of incidence of the propeller profile at
0.697 bp
Pe/D Relative pitch of the propeller at 0.7 D
Other Magnitudes
P Air mass per unit volume
v Kinematie viscosity
np Hode of operation of the propeller in rps
ng Propeller efficiency
Lp Chord of peripheral blades Dol
Ry, Peripheral Reynolds number: Rp = Eﬁgvg_g
V' (subscript) HMean -~elocity in the absence of a hub in the plane
consideed
v Velocity &* the internal wall of vhe propsller (2/3)
W VYalue number: MH'; = (thrust)
Y4 §; absorbed power
Cs Blowing wvate:

blowin ower on the level of the slot
power furnished to the propelier

~
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o S - B % 3

Pr (suBscript)

Geometric diffusicn--jet section infinitely down-
stream relative to the throat section Ig = 5,/§,

Relative exit sectiuon of the diffuser

Total efficiency: ¥'; = r'lJ?g

Alr blower pressure ratir ’

"Rate of dilution of the a.r blower systen 4§ the

. ¢ngine output + intake output
engine output
Tetal pressure of a fluid stream in the plane con-
sidered ' -~
*mbient static pressure

shroud: X

N
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NASA 7T F-12,891

DUCTED FAHS WITH DOWNSTREAM DIFFUSION

B. Chezleprétre

Z. OBJECT OF THE STUDIES

- The work undertaken by the Sogiets Bertin under Contract /5%

‘27467 % begars on the study of performances of éucted Fans with éown-

stream diffusion intended for economical support and p”09u191an of
VYTOL aircraft as well as for equipment of supporting platforms (ra"

dar mounting, anti-submarine warfave system, etc...).

Contract 27/67 was written to advance studies undertaken by
the Societe Bertin in collaboration with Nord-Aviaticn several years
earller, re]atAve te perfecting short diffusion penind a ducted fam

with a high degree of efficiency.

Earlier research showed the interest in diffugion with boundary-
iaver zontrol by a blast jet; as yet the work has been insufficient
1o permit defining a preliminary project with a blast rotor adapted
to a given misgion. The definition of votors of the Kord 500 air-
craft, in its £irst pnase (weak diffusion) was established from. the
previoﬁsly«obtaﬁned results. Research under Contract 27/67 will
help Nord-Aviation to define the Phase II rotors corre3pon51ng to

considerable diffusion and strong motorization.

A detailed description of the objectives of the research and

the elements acquired before its start is presented in §u.

* Mote: .This report does not take ixnto account research correspond-
ing to 223/68 in Contra~i 27/67. It will be completed later.

% Numbers in the margin indicate pagination in the foreign text.
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4. OBJECTIVES ﬁFifHE RESEARCH AND SLEMENTS
ACQUIRED PRiGR TO ITS STARY

4 1- Work before 1962

Studies carried cut by the Sociétf Bertin befora 1967 per-

mxt;ed approximately defining arn interesting base syster. for &

oX
ducted rotor.

ifter small-scale tests, using two-dimensiona
cular medeis with cone or several uicts (with suction owingl,
the solution kept involves a shroud.defined by

¥

capabl~ of ensuring accelerat:cnh of tae boundary lavers as far

]
[

dovrnstredlr as possille up to a2 single Blowing ot. The dxffuser

is short and wide opean.

Tests or & smail medel (¢ thros: = 285 m~ yielded promising

results.
4.2. Contract f2/6%

Research cavried under Contract %2465 (1%62-1987F) w=nt in

several directicns simultaneously:

Py

~-gXperimentaticen on small- andé normal-scaie models;

o,

[

)
'!

e

t
t

V-
b

IO
lad
pore

-
.

al dovseleopment of & matbematical model;

~-analy»is of internal «peration;

~--ggtablishment of a cataliogue of various theories of
teundary layer ccntrol,

The main result of this contrest i¢ obtaliring, with & fixed-

medels and i
or

rheoelectric cell

ovement of shroud shapes 2$e¢ rheoelectriz andlogy;

point syslem, a very interesting pevformance using a model of norscl

v

o

i

size (« throat 76 am).

R
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The value rnumnber M', = 1.17 was used with the "fixed-point”

tyge ~odei (¢ = 730) in & stable corfiguration, the ccrresrconding
b.owing rate being reilativeliy great: .s = 2u4%.

e the other hand, tests brougl.t t5 light the necessity for:
--nomogenecus diffuser blow: g without an obiigue con;z~
nent (a technigu. ctapable of ernsuring good distribkution
of Llowing was devised);
~-the surface aof the cullector, the arms and the hud ¢
be in excellent condition;
aud the lpterest (cn the norzal scaie) to plaze the blowing slot
approximateiy 15° frow the profile (angie of the tangewvt to the
iar of the diffuser and the rotor axis}. Frior to this tine,

d
the diffuser had to de located 30° frox the profile.
4.3. Objectives of Contract 27767

The goal of Coatract 27/67 is tc pursue & course for perfect-

ing short difvusion behind a ducted fan. Earlier findings bave been

used tc define rotors of the Nord 500 aircraft in its Piase I
(weak 1iffusion). Researcnh under Zontract 27/67 should help MHord-
Aviation to approach Phase 1iI, corresponding to roters with sig-

nificant diffusion and strong motorization.

The lines of gction chosen are, on the one hand, general stud-
izs undertaken with the following goals:
--proagressively obtaining a complate mathematical model
of the flow by operating through increasing ccmplexity;
--seeking solutious to the problem of feeding the blow-
ing slots on the flight vehicle;
-~increasing knowledge of operation inside the shroud
and free diffusion.
Or. the sther hand, the experimental studies are dezigned to:
--optimize the configuration developsd in sarlier ce-
search;
~--determine the influence of the propeller parameters;
~--study the possibility of using an aerodynamic gland at
the blade tip.

o
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5. DEVELOPMEKT OF THE STUDY

The study was broken down into seven parts, each correspond- 8

ing to an order:

~--Order No. i, work undertaken before contract notifica-
tion; - . 7

~--Order Ho. 2, Fourth Test Series at the Cannes wind
tunnel; ;

--Order No. 3, Ffixed-point tests on 2 ¢ = 700 mm model;

--0Oprder No. 4%, theoretical sTudies;

-~0Order Ho. 5, experimental fixed-point study of the
propelier parameters; B

--Oyder No. 6, ex¥psrimental study.of:an aérodynamié>gland
at the blade tip; )

--Order Ho. 7, various studies and synthesis of ths work
carriéd out under contract.

The development of the study wili be describe@ order by ordar;
then in Chapter 5 we will present a synthesis of the results ob-
tained. '

§.1. Order Ko. 1. Hork Undertaken Before
Contract Notification
Ordex Mo, ! corresponds to work carried out between the expir-

ation date of Contract £2/64 and the notification date of Contract
27/67. ‘

This research gmsnerally involves the preparsation of work
planned within the full extent of the contract, especiaily:
~--preparation of ihe test series in the Cannes wind £i0
tannel (Order Ro. 2): preliminary study of modifica-
tions of the model and establishment of the test program;

g g
"

fpere)




~~-preparation c. a fixed-point test series (Order Ho. 3):
study of the modifications of the model, Zdesign cf new
components and of the modified system;

-~preliminary study of boundary-layer problems and the

internal operation of the ducted fan.

5.2. Order No. 2. Fourtn Test Series at the
Carnes Wind Tunnel (NT 68-Bc-7)

5.2.1. GGAL

Experimentation or a simplified, nonmotorized modsl was con-
ductel in the ccurse of the 4th test ceries at the Cannes wind tun-

nel (three series were éonplet&d earlier under Contract 82/64).

The model used had an anpular airfoil with tangential blowing
(throat diameter = 285 mm) which could be equipped with a hub

possessing sheathed base (Plate II).

This test series was undertaken, on the one hand, to devalop
experimentatior in the presence of a hub and, on the other hand,
to evaluate the influenée of the position of the zhrcud slot on

the quality of operation with and without a hub,

The model was modified in -order to be able to use a diffuser /11

\ Slowing slot closer to the throat {slot 15% from the profile instead
of 30° {plate IIJ}.

§.2.2. RESULEYS

The main interest of this test series was that it demcnstrated
considerable improvemeunt attained with the new position of the

shroud blowing slot (slot located 15° from the profile instead of

200}

This confirms the results observed on a larger scale with a

motoriced modal (¢ o 700 mm).

The primary improvements are the following: )
-=-prog-essive nature of the diffuser rejoining procass.

This progressiveness ensuras continuous development

of performances (geomatric diffusion, value number),

)
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indispensabie for all apprl.cetions to a “iight vehicle;

--quality of operation in the¢ presence of a hudb. The
presence 5f a hub leads “¢ a decrease of the value
number from 3.5 tu " .%% for the diffusers tested at 45°,
while when the slot is 30° from the profile, the de-
crease of M'; is from 19 to 32%;

-~-lewer sensitivity 1o the nature of the boindary laver.
When the slot is 15° from the profile, artificial trig-

goring cof the trunsition 1coes nct provoke the appear- A

arce of disconvinuity in the performances, and the

decrease of the vilue nusper remsins small {5%).

The best performanc: obiained im the presence of a hub is
#7y = 1.22 unaer the folliowing conditions:
' ~-hlowing rate: Cs = 25%;
--imaginary propeiler efficiency: n, = " .88
~-half-angle of the diffuser exit: 85°, -

~-~popoptirized exit section: 5318l = 1.80.

For biowing which is cleariy weaker (Cs = 16%), the wvalue

nﬁﬁberAdecreases slightly (®’, = 1.1¢).
5.3. Order Mo. 3. F.xed-Point Tests on a
# = 790 mm Mosel (NT 68-Bc-5)
5.3.1. GCOAL OF TEE TESYS

The tests conducted earlier (Contract 82/64; at the fixed-point
test srand in Chalais-MNeudon on normal-scale modeis (9 throat =
700 wmm) wmade it possible to define a very interestiﬁg configu-ation,
in terms of parformance as well as of stapility (NT 6.62), although
the blowing rate was re.atively gveat;

This configuration is characterized principally by:
~~-3 type CR 20 B collector;
~-8 Jiffuser blowing slit located 15° from the profile /13
(angle of the tangent to the profils with the axis of
the model);

--& propeller placed just u.pstream of ths shroud slot.

S P WA A e a3
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The f~al of the test seriec undertaker under Contract 27/67 on

wiad .uwnnei” type model (¢ thrcat = 682 mm; see photo, p. 368 )
is, o - one hand, 2o opticize:

~~-the geometry of the diffuser (Plate (V);
~~the adjustrment and rode of operation of the propelier;
using the configuratior defined above. On the other hand, the goal
is to study the influence of some parazeters, inciuding:
~-the profiie of the hub (Plate V);
--artificiai triggering of the transitiorn on the collect-
or;

for the optimized configuration.
§5.3.2. RESULTS

Returning to tests on the ducted fan wodel with “"wind tunnel®
typa diffusion has permitted immediately confirming the gquality of
operation in the configuration defined above for the "fixed-peint"

type model (blowing slit 15° from the profiie).

Moreoves, comparative study of various diffusers has led to
certain comments:

~--the maximum value sumbers obtained with all the dif-
fusers arerclose to 1.16 » M’

~~-3t is preferable to choose exit half-anglec of 45°
rather than 20°;

--the thin slot (e = 2.7 mm) permits obtairing the same
value number as a wide slot f{e = 4.4 pm), but with a
weaker bloxing rave {(Flate XVIIj;

--there is a section relative toc optimal exit (Plate XX)
v¥hich, for diffusers~63': 85° - e = 2.7 mx, Is close
to 1.68 (likewise for a diffuser with an evolutional
profile). The optimal blowing rate is approximately
20%;

~-~the evoluticonal-profile diffuser tested yields results
very close to those obtained with straight profiles;

--the best diffuger must be very close to the 45° diffuser

with rapid recompression (Platsz 1IV).

< 31.21%1; 14
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“he definitive configuration, chosen as a resuli* c¢f these tests,

e
e
P e
b

is rresentel Iin Flat .
inscfar a2 the propeller parameters are concernesd, it is inter-

>

sting tc examime high-performance operation (m-; > 48 2 se:

0N

c > 163,022) and to chose an adjustment very cleose te the nominal
adaptation adjustmenz (€ = 37°)., & pore systematic study of the /15
r

£
- 4 .
cpelier parareters was the object of Order Ko. 5.

Finally, the shape of the hub, with the same master frame,
has littie infiluence on the performances: ﬁ”%ﬁ%% < 3, the initial
hub for the mcdel being the best (Plate XXIIT).

Insofar as the position of the tramsition point of the col-
lector is éoncerned,-tests have shown that an advance of the tran-
sitioa point is tramsiated intc a relatively great loss of perform-

N “ . -
anc: _Tiﬁéi = -8% for the most advanced position; see -Plare XIX).
lmax -

In conciusion, the best perforwance obtained in the optimized
configuratien M’} = 1.20 for Cs = 16% corresponds to:’

--gownstrear lip “optirmiced at u5°

-—e = 2.7 mm:
--53/%, = 1.68;
~-operation = 49 t/sec;
-~adjustment = 37° (P/D = 1.648);
] = 2.39.

g

4 ptheto of the flow visualized through the presence of oil in

the blown air is presented on page 36.
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5.4. Order No. 4. Theoretical Studies
(Motes SIDEN RE 102, 103, 104)

The studies undertaken involve dowanstream flow of a svemeutric

or asymmetric saroud.

5.8,.1.-A €irst study (RE 102) using an analogical wstEod has [fﬁ
permitted establiishing nomographs for streamlines (symmetric shroud)

in a plane, irrctational, fixed-point flow.

These noncgraphs represent geomstiric diffusicn which may be
obtained in an ideal fluid as a functiou of diffuser aperture and
length (Plate VII;.

5.4,2.-The possibility of extending the determination of these
streuamliines to cases of axisymwetric three-dimensional flows (rocta-

tional shroud) was then approached (RE 104).

Different methods o. calculation may bs considered:

-~-rheoelectric cell with successive appfoxi@a%iags T
obtain the shaee ¢f tie streamliine, only in the zase
of irrotationa. flow; .

~-a resistant network with successive approxiwazions
which may be carried out by a hybrid computer (small
copputer coupled with a resistant network; s 1,000~
channel computer ~apabie of solving such a problem
should be in operation at the end of 1968 at<thé CNR3);

--use of triangular mesh with fully numerical resolation
by a computer sufficiently powerful to absorb the

approximaticn calculations.

The first two methods 2re fairly difficult to use and reguire,
in the case of a change in configurstion, as much work as for the

il
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tiret configuration; on the cther hand, after elaboratien and fairly
invecived adjuctment, the numer cal method permits treat.ing the numer-
ous calcuiation cases rapidly and econorically, optimiziang the con- /17

figurations, etz,

5.4.3.-Downztrear flow of ar asymmetric shroud was the object
of a prelimirary study. & direction of resedrch was established:
~--Stage i1 - study of plane flow with semi-infinite
rectilinear profiles (the method is presented in
dispatch SIDEN RE 103); ' '
~-~Stage 2 - study of plane flow with finit., rectilineﬁf
or noenrectilinear profiles;

--Stage 3 - study of linearized three-dimensional flow.

In the present state of affairs, practical applications of

the first step and a report on the study relative to the gsecond -

are possible.

5.5. Order No. 5. Fixed-Point Experimental Studies
of the Propeller Parameters (KT 68-Bc-6}

5.5.1. GOAL OF THE STUDY

The priscipal parzweters of the shroud of & ducted fan with -
downstream diffusion were optimized experimentally at the Chalais-
¥eudon test stand in several stages:

-~KT 6/51 and 6/62 - models with throat diameters
ecual te 700 mm (Contact 82/64);

~~NT 68-Bc-5 - model with throat diameter squal to "_ig
682 mm {Contract 27/67, Order No. 3).

Optimization was obtained by using & single propellier defined

in NT €/48.

Certain gropella2s pavameters were not tested; therefore, a
test series proved to be necessary. New blades were designed arc
ranufactured with the goal of determining:
--the influence of the Cz adaptation (0.45 < Cza4,, < 0.9);
~-the influence of the peripheral Reynoids number
{100,c70 < Rp < 250,006);

12
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-~the influence of the number of blades {4 and 6 biades).

in general, the measurements were made by orobing: internal
R ¥

orobing in the neighborhood of the throat and directioral probing

in the exit plane (see photo, p. 37}

5.5.2. RESULTS

The experimental fixed-point study of the propeller paraumeters

made it possil’e to draw certain conclusions which sust be carefully

zonsidered; indeed, the reduced number of configurations tested did
not percit separately determining the influence of variousApfopel—'
lef parametesrs. The conclusicens include the following:
~~the four propellers tested yielcded very close va;uef
aumbers: 1.15 < MWlypax < 1.20; ) '
~-110 instebility was observed, even with weak blowing,
in either case {s-bsade propell:rs and 8-blade pro-
pellers); - _—
~~the optimal coefficient of‘biowing;-on the 6raer.of
?D%,tends to increase vith the Cz of operation
~-optimal geometric &iffusion from the standpoint of
performance is close to 2.4, whatever-the mode of
operatien and the adjustment may be;
-~the favorable effect of an increase in the peripheral-
p ° 200,000,
is maintainped up to a value slightly greater than
270,000 (Plate IX}; .

Reynolds number, very sensitive up to R

~--for a given charge at the disk, the number of plades
must be chosen as a function of mechsnical and tech-
nological reguirements, but alse in such & way that
the blades operate at a periphe ! Reynolds number
greater than 200,000, as weli ¢35 &1 « Cz close to the
Cz of the maximum lifr-drag rat. {(Plare VIII).

Practical applicatior of probing in the neighborhoed of the
throat and in the diffuser exit plane ars part of the investiga-~
tions under Orde No. 7 (NT 6{~Bc-10).

13
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5.6. Order Ho. 6. Exper1menta] Study of an
Aerodynamic Gland at the Blade Tip (NT 68-Bc-9)

$.6.1. GOAL OF THE STUDY

The study of an aercdynamic gland at the blade tip, based ~n
the vortex theory, was qndertek?n in collaboration with Hord-~

Aviation.

The goal sought in this study was to make péquess with the
difficult realization of small degrees of play at the blade tip by

using a torical vortex there to serve as. an aecodynamic gland. In

addition, there are plans to later obtain a certain degree of dif-

fusion is tﬁe abscnce of blowing as a result of thé:energy;pré%
wided by the vortex to the - boundary‘layevs.» '

© The. exper;mental device used is presantad schematica‘ly belaw;'

}C@yt:g1m?$h
cfﬁcaﬂa? m&r?&%an

The tests were conducted at th: "fixed-point™ test stand of

the Aerotechnical Institute of Saint-Cyr, using a ducted-fan model

8OO0 mm in diam2ter lent by Nord-Aviation.

The model could be equipped with three rotational exits (for
a desnription of the model, see Plate ¥): ‘
--a reference exit (R); .
--an exit with a straight meridian cavity (B);
-~-gn exit with a circular meridian cavity (C).

1u
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The reference exit'yieiﬁed the best .esultis from the stand-

cperation is concerned, the circular meridian cavity exit offers

2 certain interest. We have observed the fcllowing facts in par-

ticular: 7
«Jimgrdvemsnt of -the downstirveam flow of the,propél}er1
‘in the heighbééhqod?of fhé wall of the shroud, wher
the biades penetrate ihe‘ca?ity‘sufficﬁentiy;

-«the existance of a vortex which is approxipately cen-

I

tered on the axis of the cavity with zero velocity at
_the center; ' ' ]

?fthé méridi;ﬁ barriers are indispensable in the cavity
to obtain a2 certeain léve) of efficiency: they prevent

rotation of che vortex with the propeller.

The favorabie elements permit hoping to arrive at a satis-
factory solution for an asrcdvnamic gland favoring diffusion. For
this, @ systematic study of the various parameters will have to pe
b&dei

The findings i, the coursze of this first experimental study
can be compared with those presented by Hauger and Dhanak rezlartive
to the flow, which appsar to be separate when one pipé invelves a

cavity.

in the case of a cavity with a square meridisn, Haugen and

Dhanak established the existence of a8 vortex on the &xisz of the

15
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" point of total -efficiency; on 1he'other_han§, insofar as aerodynamic
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cavity with zero velooity a

et

the center Ly risualizaticr (see photo,

t. 371 - and mathematically.

5.7. Order Mo. 7. VYarious Studies and Synthesis
of the Work Carried Out Under Contract {NT 68-Bc-8,

68-B¢c~-11, 68-Bc-10, 69-Bo-17)

The performances considered to this point, as far as ducted CERTET
fans + 'th blowing are conzerned. are caleculated without taking inte =~ - .

account the efficiency cf ‘the geh~ration of compressed air for

[TREN

b!n«xng and without consxder*ng how :this_ tlowing can be realx7ed on

s

- a ;*1ght vehicle. - - . . 5

‘;péfam Tric stady was sondﬁctad (HT 68-Bc-38) to furrhev knowml- 2

5 oy, i, soofie n®,
T} '

?e&ge in th¢s area, *t was fo 1nwed by numerxca_;appligatzon to the_
case of the Kord ‘500 axrcra:tx oL . S e

B > - - .
o« = - - :
“ 2

Faralle-lv, ‘a cri”i al a%&lys*g o. perfsrmauces chtaxned r;th

- Ga’ mm moéel {*T 68-Bc-11) Has made vith N purnosos ‘n~ ) !23_ :
A~‘;&iaﬁii ) to ! cﬁnfx»m tbe base per‘eruancrg taker in *be peraaetrzc

study r&ted above, and (b) to parmxt a valxd »smnar'sen of tbe -

“ésse Jtlazly é;fferen* resnlts obtalner by Herd-5v1a*10n aszng a S el

" mondel 400 e ia. axemeter.

#Hicreover, due to:the body of experimentel data obvained wivh

oy

' A
“iagpaaern ph

e o G ARG AR B DR
o

the optimized coufiguration of the ¢ = 582 mm model (sucwary mmas-
‘uraments, probing, et*.?;fknoﬁledge of internai ogerat:sn and free

diffusicn was advanced. The findings are .presented in %7 £8-8c~10.

Finaily, synthesis of ali the work done éndgr»coqtrac: 18 the
ocbiect of this docurent (KT $8-%c~17). .
§.7.1. PARAMETSIC STUDY AND OPTTMYIZATION CF THE
GAIR IN PERFORMLNCE AT CCRSTANLY POWER AFFORDEL
BY AN ON-~BOARD BLOWING UEVICE (BT 88&-30-8)

1n order toc be able to optimize the g3in in thrust nrovided by

PR

blowing in the case of a ducted fan with the Saze motorization, a
parametric study of blowing was conducted for the fixed-point case.

The seneration of blowing is assumed tc be ensured by 3 turbo-

rachine (air blower or compressor), the necessary power being



supplied tvy the meotor driving the propeller Two solui:ons are en-
visaged: 7
» ~¥dire;z use of the generat.r output; /2%
--~use of a cowpressor in conjunction with pump-effect
dilution, permitting the reduction of the necessary

outpat.

: Rote &6-Bc-8 presents equations for ttuss 1nc1uding the repre-

- sentetxen cf’ equataons i nomographs as well as numerical applzcaw

Mmoo g ot
fr

tious baued on the ;erf&rﬂznces obtained uith_che 4 = 582 an model
= ir its optimized configuration and with the resuits obtained usiag.

A.aultztnhe PURDS . ‘Sereoier, the Nord 500 aircraft has sevved as a

I

R = )

= ref-ren;e for the imstallation of an on-board blouxng system o

Kl

dgﬁonstrﬂte_the blowing nerformances oktainabls by Sonsidering the

T T T

difference betwveen an increase in rotor thrust and the correspond-

1ng increase &n the mass of tbe aircraft.‘

RN

= }p the study lt xas>found tﬁafg on the level of rough gain in

Sy

i,tﬁr&st, the direct use of the output of -an sir blower feeding the

it

;é' two rotors offers the best solution, ‘but that ia contrast, the .
é;§ : necessary secticns of piping make its installatien on the aircr&ft’ o
;ég - very difricult. The vtudy of optznxaatlon has therefore béen lim- :
B %j ‘ited to the case &f a compressor in conjunction with & diintion

b ) i
:%;_, aysten.
= Plate XI shows the installatzon of the systew on the 3ord 590
_§A ) axrcraf:, and Plate XII shouws. the dxlutioa system in detail.

;-g i The systen vas optimized on the hasiv of the felloaing hypoth~-
‘gi - eses:
_2 St 7 ~--compressor efficiancy: 0.85; £25

- --compressor motor transkission efficiemcy: 0.98;
~~-punp sfficlsncy: 0.46; ‘

et
¢

~-~coefficient of loss of charge in pipimng: 2.

- The optimum obraiued corresponds to:-
~--blowing rate: Cs = 8% {value corrsspunding to ths
lower limit of asdumissible operation); =

17 | if
|
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1developaent of valcniati@ps of errors, “the possible ivaccuracy of
~ the beat_:ast p@iﬂ%sAQ&s caicglated.‘ o

~-excess pressure ratio: w = 1.5;
-=rate 6? dilution: X = 4.35; ;
~-piping machinery: N = 0.1; i
--gain in payload: 185 d¥ {22% of the weight of the
unloaded Herd 500, 1s% of the total weight).

5.7.2. CRITICAL 5TUDY OF PEEPORMANCES (BT 68-Be-11)

i

¢

A critical study of the pééfO?ishces using the ¢ = 682 am - %

acdel in its practically optimized. ceifiguéetioﬁ wae sndertakeng 'i‘f

after crxtzc&l examination of the ms&sur&hant aethods and gensral ' i
.

3
E:

?ﬁg p?bbable'errerafﬁijéf'gé&}éicq}pgipt is:.

Ex T S
e 28,758, o T
oo T T el ST P
and ths value of iée;ﬁéat p@éfo@@ahcé-ié’ﬂr{tfﬁﬁi i - ?zﬁt :

: '('/ . M ° H LT
1,37 i-ﬂeiﬁax < 1,28y o

In fact, the pcssible srroY is r&ﬁucaé by smeothiag the result" 2:

obtained for numerons tast gaints.

5.7.83. 8&&5&5&5 OF INTERRAL OPBRATION ANE ?ﬂsf FIIED-?@EQ&*
DIPPUSKOW FROW EEPERIEEE!&E Eiﬁﬁfﬂas (Kf 88~8¢a1?3

Obgaaﬁ' Internal operatiom and free diffnsiou fdiffusion in i
the abssace of waterial walls doungtrsam of the diffusar} were an-
alyz&d using the optimized configuration of the ¢ = 682 um model;
this was wade posaiﬁla by the body of experimental valunes collected
(summary measuremants and probing) . '

The internal operation is éétermiuad by foilowing the evolu-

tion of the flow betwesn the throat and the sxit plane of the
wmodel, taking into account the air inrroduced into the shroud and

hub blowing slots.

Free diffﬁaion is calzulated from the conditions of flow in

18




the exit plane of the xode} .

Moreover, integration of the values chbtained via probing way

be compared with the summary measurexents.

EBeésults: :the results presented in Hote 60~Bc-16 seem tc be
valid; nevertheless, it Is necessary to cousider them carefully
due to the inaaénracy of the measuresments aad calculations.

The results bear prxmarily cn the following poznts*
~-veloci-y prs files {in the reighborhood of the throat,’
in the exit plane and Anfiaitely éounstreas),
«~outpnts (dzstrxhntioﬁ and 1ntersection)'
~~tﬁrust {intersection in the exit plene and znfinitely
_ downstrean and sempary :easnrenents),_, ’
v~uxuternal’%nergy balance (sztribntion of pouer apd

losses, be&avi&r of the blast jets, p"cpelier effici-

/27

|

eicy , ete B T G = o - L R

o . --gecRgtiric diffns&on {xniersectioa}g ;

'15 - ewpotatiea of inflau {ehgle of Tnistiﬁé in the Exit -
plane snd infiaitely donastrean, power, lost in the
casa of tuistiag). : o

- It souid seea that the .blowing power wowld be ‘used in approxi—

8ately the following uay~
~-residual powér of the blast jets: 8%;
>«~pouer recelved by tbevprxmary inflow: 23%;
-~losses (transfer and : rictzon): a8y,

N

On the other hand, the outgat:continuity and the calculation

of fres diffusibn has wmade it’péséible to trace the current lines

separating the zounes of squal output (Plate XIII).
5.7.4. DIGEST REPORT (NT €8-Bo-17)

The synthezis of the work and resuits obtained is the object

of this report.
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- mai operal son and Tree dltfus1nﬁ; the raalzzatxan of blocing ou a S

. 6. RECAPITULAVION OF THE RESULTS
The experimental studies constituted the largest part of the ;

resesrch progrsr, and ~le findings are numerous., The main results

‘are* completing <~he xnproveaenta on aoraal~sea1e wodels (3§ = 700

s tmin o

an) ‘in the f~xed»poznt case, aud ontaxning stable, hzgh»per§or-tnce
- operation of blowing nnder these conéztieus.

N

Aa axaqxnatianAof perfb@nenee and the Laf;uaacékif %héﬁpaﬁéi-
eters is presented in §6.1. Va?ians studias, “En anslrsis of inter- -

flxght vehicle and of an: aer@dynaalﬂ gland a& the blade tig sill ba o ;Sﬂli o

the pbiect of §6.2. Finally, the? state of pwogﬁsss ian thcoretical
studies is &eseribed in §6.3. ° P 3

ﬁﬁl. P&rferwancas~azaf1mmna£ of t&e Pa?&me%ers

<':xper'ﬁéntal studies relative te CQatract 27/6: uare condncted--
in parallel-with the motorized “uinﬁ»tannel” type wodel (Q = 382 am)
~at the fixed-point test stemd in Chalaiaaﬂeuden and witb the noa*
" motorized nodel (¢ = 285 wm) at the Caunnes wind tunnel.t

The results presented in'this:syﬁthésis are wainly those ob-
tained withfhn advanced bloﬁiag-slot, i.e. a slot 15° from the pro~
file instead of 30% as before, since thess. resulis are ssssntially
greater thaa those found eaprlier (38.1 2.1).

§.1.1. TO?AL PERPORNARCES

The maximux valne numbers obtained in the Fixed-point case /28 -
with motorized Bertin wwodels are reviawed in the table below: '

1 Bote: The nonmotorized tests (Cannes) are analyyed corsidering R
that the flow is obtazined by an imaginary propeller with an effici- ‘
ency of 0.88 (N7 68-Be-7).

29



FTIXEU-PCINT MCTORIZED TESTS

Yodel, Sirve Reference | X g, JCS(®’; nux] Itservations
} - o
$ = 285 pm NT &.22 i1.22 20% ~-Plate in the Collecton
- Aprii 63 Eptzance Planre
Contract 1.2% 28% ~Feeding of Shroud
- STAE - i : Blowiny by 18 Radial
- 12 Gare 3015.6C Pipes
Bridge S _ ~Guod Stability
Pseudo-Fixed- | XY 5.39 1.2€ 1L -E%t?npoadtLOﬂ fro:
Foint "¥ind. Tests: 1 Low-Velocity Fxxed-f
Tutnel”™. April 64 Poiat Tests
¢ = 70¢ mn Comtract ~Abnoviglly Favorable
BREE 82/684 influence of an In-
B : i - { crease in the Hode of
_Toulouse ° . - | i j ___§ CGperaiion
"¥ind Tunwel™ |[NT 6.51 <f 1216 -30% nDiS?rabutibﬁ of Blowa
- = 700 am . { July &6 7 ing- Completely Hodi-~
: Contract  { o § Fied
1 % . .. IDREL 82768 j~Tsproved Surface Con-
Chalais- - { dition and Comparisonsj
Neudoz . ] ~Good Stability ° -
“?1xeé~901nt“ T 6.22 {1.17 28% »«Blowxug Siot pf Shroud
je = 760 wa 1Apeil 67 ‘ = Advanced Frosm 30° to
Lfontract 5% -
Chalaaswﬁendon DRHE 62/6% : ~ Very Sood Stability
“sxnd Tupnel® | N7 :66-Be-5 {:1.20 16% «Blauiag Slot of Shroudg
$ = 682 mm Juae €8 - ‘&t 15° :
- ’ Comtracnt -}~ V¥erv Good Stability
Chalais-Meudon| DRME 27/67

It took & long tixe_;o obvain high performance (with a weak

rate of blowing and satisfactory étability) on the nirwmal scale

(s

+ion.

in Chaleisg-Hevdon.

= 70¢ am), but this provided & great deal of valuable informa-
This project was carried out at the fixed-point test stand

Ye may consider the last configuratio. testea (Plste III) to

be o-timized.

in parallel with these motorized tests, axpariucntatioa in the

absence of a propeller in the Cannes wind tunnel yielded the results

21
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compiied im

the fcllowing tabdble.

- Ap =

—r— - -

Cs (M 1qax)]

;2%

Observations

| Bonoptimised Exit

Section ngIS, =
' 1.44%)

Model Seference gvlnax
“Cannes" NT 68-Bo-7 | 1.3%
‘ Contract

s = 285 nm | DRHE 27/67 # _
ltzs

264

NonOptinized Exit
Sectiou (S3/5; =
1.80)

® Yalue corvespon&xng to an 1ﬁ&g1narv prﬁpeller effxcxencv of

0.88.

The eveolution of the value annber aud geo&etrzc éaffnwion as a.

ffunctzon uf the blowing rate is: traced in El&te IV for e & 5&2 an

‘-odeiu (tha1a1s~ﬁandon) -and ¢ = 285 an undels (Cannes}.

The geometric dszusxon earrespsnd;ng to ihe aaxinan walue :
nnﬁber in the conf&ggﬁatxqﬂs shown ia Plate XIV has the valee:

Hodel \ag fﬁfihax} A:Ghsgréatioﬁs‘
- 2.39 Optmwaseﬁ Exit Sectxon
* % 632 om s;ls; = 1.68
¢ = 285 mwm Z. Vyonaptimlzed Exit Sectzon
S3/Sy = Y.un
é ;.?85 an .2}an Optimized Zxit “Section
33f51 = lng Z

Criticzl anslysis (NT 68-Bc-11l) of the measursment uethods,

recordings and analvsaes bas pernitted evaiuating the different er-

rors entering the detsraination of the value pumber (systematic aand
random errors).

from among the best points detevmined, lud to:

22

The caleunlation made for an isolatad poict, chossn
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In fact, this uncertainty may be reduced by taking sumerous re-

sults into account.

koreover, the »erformances obtained by Kord-kviation with a

il e e b

‘model %00 mn in diameter are clearly inferior; the causes of the . -
deviaticns observed {avnaréhtiy*linkéé with the differances exist-
ing between the models) will be the objeet of research within the 12

- scope ‘of LODtP&»t 27/57. -

Ly o e
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§.1.2. BE.O?fIIG SLoT

-The tnflueace of the pos:t;on, the thickness and the. boucgeneﬁ;
ky-of.the blowing siot -of the,s&road.zs considered. i( R

S

8.1.2.1. Pbe;tzou Qf tks Slot

[

o a test series uslag & & - 700 i heégl {NT 6. 624" cgntract 82]6#) }c;;‘
-fshous the 1ﬁterest in plaemng the slet 159 - from the yrafxle rather ST 37L

"than 8% oxr 30° fiﬁ% it. This-vesult Has confirmed on the % = ‘285 ‘ ‘jL7 B
sm wodel at Cannes (best results were with the slot at 15%). The

15° position affects the value number {Piate XV) 2ud on the stabil-
ity of the flow. On the two models, the intersection of the diffe-

:1}1.;&;‘»;!!,4?'!‘3 PIL. ¥4 es“‘{v' ,‘,);," oy 5“., : i

[
T

¢

thd

ser with the slot at 159, whénvbloﬁiﬂg W8S iﬁcre&sed,“is“géb%ées~
sive, while with the slot at 30°, intersection is ahrupt, prxuarblv
in the tests without a propeller at Camnes €RT 68~ Bc»?)

3.1,2,2. ?ﬁieknsea ofrthe Stot

Plates XVI and XVII show the influence of the thickness of the
blowing slot of the shroud om geometric diffusion and the value num-
ber, respectively. Let us note that thin slots are prefarable for
econcmical blowing opsratisns. In contrast, for high bla#ing rates
it is interesting to widen the blowing slot rather thanm o incraase /33
the velocity of the jetr ' ‘ *

The blowing rate corresponding to the maximum value number in-
creases when the thickness of the slot incrsaanses.
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.y the vther hand, the thiskness of the slor must be adapted

te the configurations (scale, surface condition, geometric diffu-

sxon, etc.); in effect, avtificial triggering of the tramsition in

the course ¢f the 3rd test series at Cannes (Contract R%2/64) demon-
strated that, in contrast to what is observed in natursl transition,

the thickest slo: _was then the best.

o

i

6.1.2.3. Disgribution of BZowzng at the SZot

- The quality of the distribution of azimuth blowins'is im?er;»
tant; ¥ndeed, 1nhoaegeneous distribuuzon, espeeially in the pre-
sence of oblzque zones, leads to the existence of weak zomes in the

fluid Film. This is exbressed ‘either bv asyﬁaetric separatiaﬁ"

T

-by the ‘mecsssity to use axeess blcwing in the stveagnst reglaﬁs.‘ i.jA;fW

& taahnzque for EEedlng thﬁ siots wrs. perfect&GQ Tha dxstrz-w !&

bui‘on cf b;ou;ag during the ogtlmization tests on a ¢ 582 mm

model is g@esenteé in ?late Va.._ - T {

= e

"‘-ﬁ R

‘gain of the va*ue number: 10%). - - R
$.1.3. COLLECTOR
- §.1.3.1. Profile of the Collector

The profile of the collector *n the two models used is ths

same. This profile (CD20B) was obtained through an snslagical study:

(¥T 6.27, Contract 82/648). It ensures a velocity profile at the
wall inside the shroud characterized by the sbsence of eXCESS velac—
ity in the neighborhood of the entrance and by the maintenance of

a positive velocity gradient beyond the throat. ‘

Profile CD20B is well adapted to the fixed-point cass. Other
profiles werce determined {Contract $2/64) to ensurs a satisfactory
compromise between the fixed point, the translaticn and oblique

incidence,

The gain Dbtalﬁe& by 1nprovemeat of the. hnmoganeity of Blaﬁ§§g _
‘ua&e“ Contract 8O F6L conld’aot be dlssoc1ateé from- that due tc ims
nroﬁrement of the surface cfmdztion of the ¢u11ee‘tor {total mlatzvne

Vs e v

m WAL 14 WA s BB 3¢
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6 7.3, 2. S&rfhdﬁ coud%iton-qf‘tka Cbtlaatar

r

: The surface eondztlon cf the shroné is an impor*ant par&meter,‘

R L LT e
; ;
*

esoecxal&v on the scales ﬁsad for the moéels, Reflectzov of the i
cOLIQetor 1n the ¢ = 700.me madel EKT 6.41,-46, Countract 82/6%)
'~~peomxtted 1nareaszng the t@&nsxtxou Reynalds number -:oFf the sh@oud'

i

W

§

rfvcm 520,000 o 1,200, 006. The curresponding gain in pe?fopmanae . £3%

e e gy B,

coui&-not be dissociated from that du2 to ‘improvewent of the dig-
tribution of bzowing, since the ¢otral valae numher relat.ve to

il these twe pavameters was approximately 10%,

P On thz othéi hand, artificial triggering of the tr&nsitionuby

e

bonding with carborundum grains shonad that: the blowing power neces-
.53Py tO gbtaxn a given dxffusicn was greater in triggered transi~
tion than in nateral transition (Plate XVIII), and that the corres- -

ponding losses in the value nunber weve From 5 to 8% (Plate XIX).

§.1.4. DIFPUSER Rt
In the fixedwpoint.cage, the wvalue number is related To gev-

metric diffusion by the relationship:

’Hil ES ﬁ'lﬂdgg 9 _‘
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1y higher (canues model) S

where the total efficiemev n’'y includes josses due to the propeller

as vell as those of the collector and diffuser,

¥e can see that tc ohtain a high value number, we need consid-
erabie downstreaw diffusion. For exawple, in ordes tc have MN'; =
1.2, we must have diffusion og such that: /737

. 1.78 L oog S 2.9% if 0.7 'y S 0.9,

“This shows that the relative exit section of the diffuser will have

+t6 be Fairly high. The c#éica of the diffuser is ensured by experi-
wental oprimization. ' T i

g

::; ié;ﬁgéglw Relattv@ Emtt Saattva Safsk {?Zatb tXJ

The relatzwe ex;t sactaoa i% -&n xm?aﬂxant parameter§ egpecial-

ly for canfaguvax;oue e&pable of provxdlng h&gh perforﬂancasi T

‘Plate X shnws 1he evo‘at;oﬁ of th@ maximum valuﬁ nﬁmbér fbr ]
\élff&S&?S au*h a 85° h&lfu&ngie, ‘Tbe aptmmal reiatxve exlt s@ctiOn
of Lhe':>9 682 Wi mp&exvzs‘l,ss. L o I S -

Tn ‘the z2bsence of 3 hub; the optimal section seems “to be clear-

The cesults obta,ned &t Quax de la- Gare (1982) on 2 & = 285. mm
fmo&ei are also shown in this. f&gure. The rela ive exit. sectxoa be-'
ing ewsured, the best wode of operatxon in thxs sase is 1.66 (non-

optimized value)

In this plate, we can still note thav geometric diffusion cor-

€t

responding to the maximum valus numbers increases regularly. when 38
the exit section increases. ‘
6.1.4.2. Diffuser. Aperture (Plate XXI)

The best performances were realized with the model correspond-

ing to & 45° half-angle of aperture,

Plate XXI presents the resuits obtained at Cannes and Chala;Sw
Heudon when the blowing slit is 15° from the profile.
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I+ appeared that values less thin 85°% vielded lower value num-

hers; in contrast, larger vajues (56° znd 609} vield practicaliv

the same value. numbers hut with higher blowinj rates.

of the u5° value therefcre ssewms justified.

‘Tre choice

€.1,4.3. Profiie o the Diffuser (Flegte IV)-

_The diffuser profiles tested at Chalais-%sudon are presented

In Plate IV. In particular, for u%° diffuserc with 2 straight me-

PERLE

o'

E

ridian, we obtained:.

| g " «;,»
. i }

' 1 ¥amex s (8 ygax)
DR 0 i DiFfoglroat B5Q witk o
ot T L Skew Recowpression
o ¥ plFfuser at 85°% wifh’
4 : ; Rapid Recompression.
: ¥ ;'33}21 *'% ‘Zi??5$~ o

v?‘ R The shortest diffuser ‘(rapid recompression) yieids the best

resdit, but it seems that It must be at the limit of possibility,
without the risk of making the configuratien untenable in the range
of blowing considered (KT 68-Bc-5, p. 60).

oy e

Horeover, a diffuser with & =otstional pquile has given re-~

sults cidse to those obtiined with a straight profile.

€.1.5. HAUB (PLATES XXII A¥D XXIII)

Tests on the nonmetorized wodel (Cannes) showad that the pres-
ence ©f a sheathsd ﬁub intrcduces g loss in performance (genmetric
di Ffusion, Plate XXIi; value number, Plate XXIiI). This loss Is
greater with a long diffuser th-n Qith a short ore,

)
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I *te ather nand, with the mrotarized model the testn with dif-
feren* sl athes nuls of +he same dlameter (Slates ¥7I7 and ¥WIIID Jug
vielded verwv similar results,

The Influence of :lowing on the kuil Lase ir exrresse!l as chiown
in the follcwing talle (Tannes nodel),

¥
Yo lmar )
1 Sheathed in-heathed Ghservation:
2 - ..
Hul Rub
R A 1.1i0 £:/5; = 1.t
1.31 8 $3/8; = 1.8
§.1.8, ARMNS .

"The models used have arms located approximately

nce plane and the throat.

laeted by ‘an increase in the wetted surface and bty a

ler efficiency due to wake effec
. .- - . -
Adding & arms *o the 3 exi

sowered the value number

Pad T

5.5.7,

6.1.7.1.

The j}
poerliyv dissociated frem the
enough configurstions have been

The presence

T.

sting ‘arms in the ¢ =

hy 9% (NT 6/538, fon~ract 82/8%),

between the en~

2f theg: arms is trans-

dror in propel-

750 mm model

PROPELLER

influence of s;ct

tested.

Flane cof the Plopeller (NT B.F2

nfluence o¢f the rlane ¢f the propeller on the shroud is :

&
pesition, since not

He can sav only that the

best results wer:e obtained wiwTh the propelier and slet 25° from the

srcfile, the propeiler being 7us* upstream of the

28
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1 Prepeller Positica Slot Position M¥'jpax | . Observations
: &N i ) 357 "
3¢ ‘ 30 1.06 _
15 15 e 1,173 NT 6/62
. 3 15 lﬁias - - ) B

§.1.7.2. Adjustmsnt

The perférm&nces &egend on thae sdjusiment of <he propelier,

and it appeared that. the optimal aéiuﬁ%nﬁnt for the system is Tair-

lvy close to that predicted by theory.

for example, a3 vapiation 1n adjustmeat of I0Y may lead to a
variation i the value number of approximately lo% {(WT s8-8~-5 and
66-Bc-6).

6.:1.7.3. Peripreral Reynolds Rumber (Plate IX)

Wheu the Reynolds umbex increases, s Favorable affect on the

value nunmber is observed. This effect is apparent up to Rp =

160,000 (PrOpeiler 0, HT 68-~Bc=5) or up to RP = 290,000 (Propsllers
1-%, NT 63-Be-6, Plate fX).

6.1.7.4. Propeller Type

The propsllers tested were cslculated at sonstant circulation,

29
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using either the Toussaint methcd or a fairly similar cne. The ex-
isteace of a nonuniform velscity field in the rlane of the propeller

was taken into account.

6.2.

ZHTERKAL OFERATIOR AND DOWESTREAN ?£0§
' (87 88<-Be-10 AFD 5.7.3)

var’mgs Studiasg

g.2.1.

The iaternal gperétien corrasponding to the optimized contigu-
ration was the object of a detailed analysis made possihle by prob..
icg and the body of seasurements taken. \
Adownstreaﬂ ware then determincd by salcuiatlng frea the ccudi%znns
in the diffuser exit plane {Free éxffusiau phase B

S ain

_ It ﬂb&ld aseu that the blowiag power &aaid be. uged in a§3@0ii~’
B ﬁa:tely the fﬂllmiﬁg wav,_ ) ST - =~ : :

1—«?33163&1 power of’the bi&st je%s*
- goﬂer reseived by the priuavy iﬁfiaﬁa‘ 23‘* a2

- lcseas ftﬁansfe? aad frietlani'* &8%..V‘ ;‘; LT

Pla*e XXIV sh@ws the- grnfiles cf‘tntal p*essaﬁe tetea in tha
diffuser exit PIQQQAfQP ‘diffevent a&&als &ﬁa bxowzng rates. It is
evident that the w&ka oF ﬁhe leaﬂing eége of blowzag'practically T
disappeared. o : S

£€.2.2. HE&LIZATfOS or ﬂLB&IIﬂ(} O 4. ?5.;'65? ?3'5?16‘&8

fﬂ? 68~Ba~8 ARD $5. ? 1)

The performanﬁes coﬁszdeved above were czlculated without ek
ing into accoumt tte efficieney of cﬁ&p@a&ﬁeﬁ aiy g&n&rationk_,

A parametric stedy made iy possibla o nytlaisa blcsiag‘by
takiang various losses Inte account §comp§asser¥ ‘piping and evantu
81iy pumps}.

The optimum blowing rate is in the neighbcrhgoé,af the limit \
of stable operatibn (Cs 22 8%), the wvalne Qé&h@?,(efficienny ef-ggn-_
eration of compressed blowing) beiang close to 1.02.

A i K AN T AL, o,

The conditions iaf&nit&ly :5%3'

e o ¥ S SRS 1
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€.2.3. ASRODTNANIC GLANL AT BLADE 7IP
(XT- €8--Be-9 AND §5.¢)
The experi:éntal siwdy of én*aeroéyqa-ic(glaud at the blade
“tip Jta rotation of a vortex im a toricel c&vityAyieléed some &n- -
- conraging ?esults. ‘ ' o o ’

- .o .The goa! squkt is to cone ctoser To reali”xng saa¢l &!gree-
» of" play at ‘the hlaae‘txp and fc obtain & - c'“$91n 1e9%£ of‘dsznsxea, —_
as & ?esult'of the eﬁergy ?aowided by the vortea~fo Lhe kouﬁdany e

: “ ‘1a,@s g : .

xdgax iaeew@%assfkiﬁzfluééa"f :] T L u
pEone "'gﬁ@skure é;sesatznnxty éisk,,f~iA L

R '«7»—»@393% :cf' Wt&%ifm ai’, znﬁ:&s o - -

o

. agsolatioa of the 9&9&1@& iﬁ +he aost genéral cise of wotationw
- al’ fiau»naaasﬁitat&s tha uge . of B l&txiee {eq&atigg;gifh a seceud VZESi : _
'fwaﬁ&eﬁ}. In cOnt?ast, tha ﬁasa of irratational ?&Gﬂ way be t"§¥§3?“44‘4~¥7w:;;
f.eltﬁer by & 1attice o by & rhaealeetrxc 59*1. I - A'géif‘

?ﬁe firﬁt step in this invastigation cons&sted of'eliain&ting
yraetle&l &Lfficulties with the use of lattices by‘compa@ing the ‘ :
findlpgs with the cell and with the lattice ir the case of che A -%f5:”1
.shroud CDZ6B in irrozational flow (Report BEST R 308). Hext, ro- 'El*ff
tational fiow wes treated with application to the shroud C39B (Re~ o

psrt BEST R 317 and SIDEW RE 1e1). B ' -

< s

In view of reaching & solution 1o the complete problem

31




rctaticnal flow--unknhow readaline, erc.) the = ies were pur-
{rctazi 1 ¢} known streaalin tc.) th tudies r

sa
di

ec

(Contraci 2:/67) by seeking the streamline dowrstrear of the

ffuser.

>nlv the following case was treated (Report SIDEN RE 102):
~-~piane flow; -
~~-fixed point;
~~irrotationa: flowj

~-ideal incompressible fluid.

In the usual case, research of methods to determine the stream-

-~

iine showed {(Report SIDEN RE 108) the interest ir using networks

xith triaangulay meshes rather. than véctangnlar cnes and an egtirely

... numerical solution ratbar * aa analogical or hybrid.one. The in-

"~ .._vestigations will he carrisd cut iz this directiom. -

Besides the studies mentioned abowa, two specific investiga-.

tions were coanducted: -

32

~-a project for stdﬁying di%fésion by the blast jet at
the trailiag sdge of a ducted fan iﬂ an ideal fnco-pres~
sible fluid in irrotational axisymmetric flow {Repcry
SIDER RE 200, Contract P2/68);

~-pesearch of a method for calculating asywmetric shrouds
in an ideal incowpressibie fiuid, im plane and axisym-
metric irrotational flow (Report SIDEW RE 103, Contract
27/87). '
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7. COMCLUSIONS AND FINAL PERSPECTIVES

The research in collaboration with Nord-Aviation under Corntract

27767 made the following possible:

--fixed-point cptimizarion of the configuration (Plate
IZI) with daza from earlier research: total perforn-
ance was slightly improved and the correspcadiag blow-
ing rate ua$ essentially reduced (value nuwber:  ¥°; =

lc2§ blowing rate: s == 16%) withoux the appearsurce of

v
it

+ any instebility of qperétiéng

--advance in knowladee of the influence of warious param-

eters on performance;

~-a mere detailed analviis of internal operation, in par-
a i [ 4

o

vicular the lekavior of the blast jet;

-<. parametiic study oS the installation of Llcwing on a

4 v

t.ight vehicle, in particular by using co@pressed air
«C average pressure feeding a wult’tube pump placed
near the blowing slot (uumerical applicatiocn to the

case o1 the Hcrd 508 aircréft);

--a preliminsry -tudy of an aerodynamic gland at the 7;7

.

‘blade tiv;

s A AP I S 8 ) <

-~continuation of developuent of a mathematical model of

the flow.

Exchanges with Nord-Aviation indicate that subsequent research

rroiects ought to be oriented ir the following directions:

--analysis and expianation of divergences between the re-

sults presented in this v-port iand those found by Nord-

33
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O

Aviation using a fairly similar cenfiguration on a 4i1f-

€ .rent scale (throat diameter - 400 nm);

--extensicon of the results ohtained in the fixed-point

case with a slight positive or negative ransition, vrep-
resenting takecff or landing of 3 VTOL aircrafe;

a-incre;sé of the power at the disk and stvudy of the in-~ .
fluence of ccapéessibiiity of the air on the performance

cf a strongly-notorized rctor (500 tc 1006 kH/m?);

‘--transpositon of the laderatory resulis tc aircraft ro-

Tors;
--analysis of sonic yhenomena in ducted fars and research
" of principles arplicable to the conceptica-of & rotor

to reduce the sonic effects.
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I - In ices of Fosition: Synmbois #nd Notations. fu8
I1 - Cannes Model (¢ = 285 am’; Cross Sectional View, . i -
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tion; Cross Sectional View. : - ) :
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X¥II - Influsnce of S5lot Thickagss. Valee Nambav. -~ - i
: XVIIT -, influence of the Trapsition. Geometric Diffusion.. SR SN

XIX - Influence of the Traasition. Value Huwbeér. . Z‘gém

XX - Influence of Diffuser Exit SQctlon. Vaine Hnnber aad Gee» _
. . wetric Piffusion. - } - :
. ¥XI - Influeunce of Tiffuser Aperture‘ Valve ﬁumber.
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APPENDIX

LIST OF TECHNICAL REPORTS ESTABLISHﬁD UNDER CONTRACT 27/67

HT 68-Bc-7
Order No. 2

NT 68-Bc~S
Order NHo. 3

SIpuf RE 102
Order HO. &4

SIDEN RE-103
Ordar HG. 4

SIDEM RE 0%

Order ¥o. 4

" HT §8-Be-6
-~ Opder #Ho. 5

T £8-Be-%

Order Mo, 6_

HT 58-Bc-8
Ordex» Bo. 7

NT 68-Be-10
Order Ho. 7

HT 68-Be-11

T 28-Bg-17
Order No. 7
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1
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1

. 2, Lefevre: ) . ~

Sucted Tans with Downstream Diffusicn. -Four+h Test /51
Series at the Cannes ¥Wind Tunnel.
L. Poncet-Montage.

Ducted Tans with Downstream Diffusion. ¢ = 682 anm
"¥ind Tunnel" Type Hodel. Experimental Optimization.
4. Halet. - -

Nomographs of Streamlines at the Diffuser Exit in
Irrotational Plane Flow. -

‘R, HériauSnbe(

Ducted Faus‘¥velxm;navv S*uﬁy of Jet Dev;atlon Ea~- .
gendered by an Asvmmetrlc Shroud.

B, Maria- Sube,

Studv Project of - ctreamllﬂes ‘at the Diffuser Ex t.

Ducted ?ans w;*h Dcqutream Baffnsxon. & = 682 TYind
Tunnel® Type. Hodel Fﬁxed °o‘ut Drnpaller Tests. -

< -

Pucted Fans with Downstream Diffusion. Sailnt-Cyr

Fixed-Point Test Stand. . Experimental Study of an
Aerodynamic Sland at the Biade Tip.
J. lalet. _ ’

Ducted Fans with Downstream Diffusion. . Parameétric /52
Study and Optimization of Gain in Performance at
Constant Power Afforded by an On-~Board Blowing De-

vice. '

R. Schlegel.

Ducted Fans with Downstream Diffusion. Analysis of
Internal Operiatisn and Fixed-Point Free Diffusion
from Experimental Findlngs.

f. Chezlepretre,

Ducted Fans with DownsStreasm Diffusion. - ¢ = BB2 mm
"Wind Tunnel” Type M¥odel. Critical Studv of Per-
formances.

FP. Lefevre,

bucted Fans with Downstrean Diffusion., Clontract

. DRME 27/67. Digest Report.

E, Chezlepretre.
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(a) OBJECT OF THE STuDY

The study conducted under Contract 27/67 in collaboration with
Nord-Aviation involved the investigation of high efficiencies of
relatively short ducted rotors in the presence of considerable down-

stream diffusion, It followed the work under Contract 82/6u4,.
Theory of the Ducted Rotor with Diffusion

The thrust of an engine is determined by the flow in the down-
stream section of the jet; the specific thrust T/W (ratio of thrust
T to available power W) is all the greater as the final exhaust ve-

locity nears the speed of transfer of the engine.

Therefore, there is interest in increasing the downstream sec-
tion of the jet; this can be accomplished using a ducted fan with

Giffusion while, in contrast, the jet behind a free propeller is
ciosed.

6o downstream section
2 propeller section'

Gg = 4

a9
o -

Free propeller  Ducted fan without Ducted fan with
(fixed-point) diffusion diffusion
In fact, obtaining significant diffusion makes it necessary to
combat the tendency toward separation of the flow on the diffuser
wall in the presence of a boundary layer. The diffusion is worth-
while only if it can be obtained economically.
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(b) ORIENTATION GIVE BY DRME

Ducted rotors with downstream diffusion are designed to support

and propel VTOL aircraft economically, as well as for supporting /2

platforms (radar mountings, anti-submarine warfare systems, etc.).

The normal end result of the research projects entrusted to

the Societe Bertin is to transfer the results and knowledge acquired

- to a firm which has the industrial means to construct these test

models, and then operational vehicles.
(¢c) CHRONOLOGY OF THE OPERATIONS
Contract 27/67 was confirmed on June 23, 1967.

--June 67 to December 67:
+preparation of the work and modification of the models;
*theoretical study of fixed-point diffusion in two-

dimensional flow.

~--November-December 68:
+fixed-point optimization tests on a ¢ = 700 mm model at

Chalais-Meudon.

--January 68:

‘tests on a ¢ = 285 mm model at the Cannes wind tunnel.

--January-March 68:
+fixed-point experimental study of the propeller on a /3
¢ = 700 mm model at Chalais-Meudon.

--February 68:
*tests of an aerodynamic gland at the blade tip on a
$ = 400 mm model at the fixed-point test stand in
Saint-Cyr.

--Jenuary-July 68:
‘theoretical studies, practical spplication and various

studies,

~~July-0October 68:

*digest report on the research.
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(d) SITUATION AT THE BEGINNING OF THE CONTRACT
AND OBJECTIVES OF THE RESEARCH
Studies carried out by the Societé Bertin before October 1962
had made it possible to approximately define an interesting base

system.

The solution kept involves a shroud defined by a rheoelectric
cell capable of ensuring acceleration in the boundary layers as far
downstream as possible up to a blowing slot with a sheit, wide-open

diffuser (half-angle =2 459),

/

\\\h,,;/////// Diffuser
\\\\\\. Blowing slot

4--"')

Collector/

Throat

Propeller.

-

Promisirg results had been obtained in the fixed-point case on
a small scale., Contract 82/64 (October 1962-February 1967) made it
possible to perfect models on a normal scale, to extend the study
of the influence of various parameters, to carry out tests by trans-
lation and by oblique incidence, to develop studies of the shroud

using an analogical method and +to undertake theoretical studies.

The objectives of Contract 27/67 were to pursue a course for
perfecting short diffusion behind a ducted fan. The lines of action

chosen were the following:

--progressive development of a complete mathematical model
of the flow by operating through increasing complexitys;
~--research of solutions to the problem of feeding the

blowing slcts on a flight vehilcley
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-~extension of knowledge relative to internal operation
and free diffusion}

--optimization of the configuration developed in earlier
research;

--determination of the influence of propeller parameters; /5

~~study of an aerodynamic glnd at the blade tip based on
the rotation of a vortex in a cavity located to the
right of the blades to permit eliminating the problem

. of play at the blade tip.

(e) DEVELOPMENT OF THE STUDY
The study was broken down into seven parts:
(1) r~reparatory work;

(2) test series at the Cannes wind tunnel on a ¢ B 285

mm model;

(3) fixed-point tests on a ¢ = 700 mm model at Chalais-

Meudon (optimization);

(4) theoretical studies (streamlines in two-dimensional
flow, asymmetwic shroud, work plan for obtaining a

complete mathematical model);

(5) fixed-point experimental study of the propeller p=-

rameters on a ¢ = 700 mm model at Chalais-Meudon;

AN LM s Nren g aeongs

(6) experimental study of an aerodynamic gland at the
blade tip;

(7) various studies (feeding the slots on an alrcraft,

critical study of performances, analysis of internal

operation, synthesis of the projects).

(f) RESULTS AT THE END OF THE STUDY

Ve P A AL

The total pe~-formance obtained in the fixed-point case (M'; =
value number) was slightly improved relative to earlier results
(M'y = 1.20 instead of 1.17), and the corresponding blowing wrate
was essentially reduced (Cs = 16% instead of 2u4%).

b7




Comparison with the corresponding values of a ducted fan with-

out diffusion or of a free propeller is meaningful.

Ducted Fan Real Performance M'y = 1.20 g = 2.4
with Diffusion
Ducted Fan Ideal Porformance M = 1 op = 1
without Diffusion ] Real Performance Mis = 0,85 l

' s
Free Ideal Performance M"'y = 0.707 g = 0.5
Propeller Real Performance M'y, = 0.5

+ The study of the influence of various parameters on perform-
ance was developed. In particular, propeller tests showed that the
choice of propeller parameters considerably affected total perform-

anc: althoigh to a limited extent.

* Probing in the diffuser exit plane made it possible to es-
tablish that most of the blowing energy (= 70%) was dissipated be-

tween the slot and the exit plane.

* The preliminary project for installation of a compressor-
pump system on a Nord 500 aircraft showed that the predicted gain
in load corresponded tc approximately 22% of the uniocaded weight of

the airecraft.

* Tests of an aerodynamic gland at the blade tip demonstrated
the rotation of a vortex in the cavity located to the right of the

blades and a certi.n degree of regeneration of the boundary layers,

(g) CONCLUSIONS-~FINAL PERSPECTIVES

The body of progressively-cbtained results is large and en-
couraging. The very interesting value of the value number realized
in the fixed-point case (M'; = 1.2) will be difficult to exceed,

Exchanges of opinion with Nord-Aviation iidicate that subse-

quent research caght to be oriented in the following directions:
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analvsis and explanati of divergences between the results
presented in NT 68-Bc-1"7 and those obtained by Nowrd-Aviation

using a similar configuration;
+ extension of the findings from fixed-point to translation;

- increase of disk power and study of the effects due to com-
pressibility of the air for strongly motorized rotors (5000
to 1000 kW/m?);

- transposition of laboratory findings to aircraft rotors;

- analysis of sonic phenomena.

Transiated for the Natijonal Aeronautics and Space Administration by:
Aztec School . f Languages, Inc.

Research Translation Division (210)

Maynard, Massachusetts ard McLean, Virginia
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